Introduction
Periclase (MgO) is a simple oxide with a cubic NaCI structure stable to megabar pressures [Vassiliou and Ahrens, 1981; Mehl et al., 1988; Duffy et al., 1995] and has been the subject of extensive experimental and theoretical study. Static compression experiments [Bridgman, 1948; Mao and Bell, 1979; Duffy et al., 1995; Fiquet et al., 1996 ; Utsurni et al.,
The importance of MgO arises also from its structural simplicity and its geophysical relevance as the end member of magnesiowtistite (Mg,Fe)O, a mineral which is expected to be a major constituent of the Earth's lower mantle [Stixrude et al., 1992; Jackson, 1998 ]. An accurate knowledge of the P-V-T properties of MgO (and FeO) is necessary to formulate those of magnesiowtistite along its compositional range.
Despite the wealth of experimental studies on MgO, there is no study that has successfully integrated all these data into a single framework that can describe the compression behavior over the entire experimental range (0-200 GPa, 300-3663 K). Two recent studies [Hama and 
Pressure-Volume-Temperature Equations of State

Static Equation of State
The equation of state of crystalline materials is necessary to describe their properties over the range of pressure and temperature encountered in the earth and is relevant to the interpretation of the structure of terrestrial planetary interiors.
It can be assumed that the pressure, P, in a solid is the summation of static (T = 0 K), vibrational and electronic (both temperature-dependent) terms. The electronic term is generally negligible in insulators such as MgO in the pressure-temperature range of geophysical interest. The P-V-T equation of state can then be written P(V,T) = P(V, To) + zlP,n(V,T ),
where P(V, To) is the pressure component at a reference temperature To, generally fixed at 300 K, and zlPth is the thermal pressure (the pressure produced by the change of temperature from To at constant volume).
The formulation of the isothermal equation of state, P(V, T0), adopted in our model is the Eulerian BirchMumaghan equation, derived through an expansion of free energy F in Taylor series in strain f [Birch, 1947] The Debye model gives a simple form for the characterization of the vibrational spectrum and the thermal free energy, Eth, of a crystal. All the vibration modes are described as a unique acoustic phonon branch such that [Debye, 1912] 9nRT O iT •3 
where n is the number of atoms per formula unit, R is the gas constant and 0 is the Debye temperature.
Shock Compression
Shock wave propagation is a powerful method to investigate extreme P-V-T conditions [McQueen et al., 1970; Ahrens, 1980] . Ln this technique, a shock wave is generated by a fast impact of a flyer plate with a stationary target. A one-dimensional shock pulse propagates through the two plates at a shock velocity, Us, relative to the uncompressed material while the velocity of the material behind the shock front is Up (particle velocity). The mass, momentum, and energy conservation along the shock front give the Rankine- 
where Co is equal to the bulk sound velocity at zero compression. Shock temperature is deduced from the thermodynamic law [McQueen et al., 1970] dU = T3S -PaV = Cvd T + TCvd V¾/V-Pd V,
which can be solved for T. The Grtineisen parameter (),) is considered independent of temperature and its volume dependence (q) is generally considered constant and equal to 1. Cv is taken constant and equal to 3R (Dulong-Petit limit), or it is calculated using Debye theory. The 300 K isotherm can be calculated following the model used by Jamieson et al.
[1982] as P3ooK (V): PoK(V) + P,a3ooK(V),
where Pth300K(V) is the thermal pressure along the 300 K isotherm and POK, the 0 K isotherm, is calculated as the difference between the Hugoniot pressure and the thermal pressure contribution along the Hugoniot
where E,an is the thermal energy calculated applying the Debye model.
Experimental Method
Pure MgO powder was compressed to 52 GPa at room temperature using a symmetric diamond anvil cell with 350 •tm culets. Two experiments were carried out under quasihydrostatic conditions. The first run used a mixture of methanol and ethanol and the second run used helium as a pressure transmitting medium. Energy dispersive synchrotron X-ray diffraction was performed at the X17C beam line of the National Synchrotron Light Source.
In both the experiments MgO was loaded in a rhenium gasket drilled with a 150 •tm hole. In the first experiment, MgO, loaded with a mixture of ethanol and methanol, was compressed to a final pressure of 10 GPa. The heliummedium experiment was carried out to a maximum pressure of 52 GPa. Pressure was determined by ruby fluorescence measurements before and after each run. The precision of pressure measurement is __ 0.1 GPa along the entire experimental pressure range. Experimental data are summarized in Table 1 . The experimental data reported here were also used in a related Brillouin scattering study of MgO [Zha et al., 1998 ].
Results
Experimental Results
In both experiments, the (111), ( We developed a model for the description of the volume dependence of the GrQneisen parameter in analogy with Jeanloz [ 1989] q =qo , the GrQneisen parameter restricted to the fitted pressure range (Table 2) .
The model for the volume dependence of y proposed by Anderson et al. [1993] was tested reducing the shock data to the 300 K isotherm. We also tested Inbar and Cohen's [ 1995] model calculating the GrQneisen parameter from q(V) [Cohen, 2000] (Figure 11 ).
Thermal Expansion Coefficient
Average values of the thermal expansion coefficient were calculated from density along the P-V Hugoniot curve and the [Zerr and Boehler, 1994] , and in relatively good agreement with the thermodynamic model of Ohtani [1983] . The results show that it is possible to define a thermal equation of state for MgO which coherently describes data from differing techniques ranging to high pressure-temperature conditions within the framework of the Mie-Grtineisen theory, taking into account a plausible decrease in the volume dependence of y which can be described in terms of a simple monotonic function of compression.
